Introduction {#sec1-1}
============

WHO stated that there are 91 endemic countries for malaria with 212 millions of new cases and 429.000 death. Half of the world's population was at risk for malaria in 2016 included South East region is that still endemic for malaria \[[@ref1]\].

Malaria is caused by blood protozoa which is *Plasmodium* spp., transmitted to human through *Anopheles* spp mosquitoes bite \[[@ref2]\]. Malaria is an endemic disease, mainly in tropical and subtropical countries \[[@ref1]\], \[[@ref2]\], \[[@ref3]\]. The majority of South-East Asian countries are endemic for malaria \[[@ref2]\], \[[@ref3]\]. However, there is a decline in incidence and mortality in those countries for 54% and 46%, respectively, between 2010 and 2015 \[[@ref1]\], \[[@ref3]\]. Indonesia is one of the South-East Asian countries with high endemicity of malaria. This high endemicity is concentrated in East Indonesia. The 5 provinces with high endemicity of malaria are Papua, West Papua, South East Nusa, Maluku and North Maluku \[[@ref2]\], \[[@ref3]\].

North Maluku was ranked number 5 for malaria burden in 2015 with medium cumulative incident API 1-5. Malaria incidence in an area with medium endemicity tend to increase in 2012-2015, and it reached its peak in 2016 \[[@ref4]\]. This study aims to investigate the distribution and characteristics of malaria patients, the clinical manifestation of malaria, as well as its complications.

Material and Methods {#sec1-2}
====================

The study was approved by the research and an ethical review committee of the Faculty of Medicine, Universitas Islam Indonesia. Inclusion criteria included inpatients who had been diagnosed with malaria that had been proved by laboratory test result in 2016. Exclusion criteria included inpatients who had been diagnosed with malaria without a laboratory test and those who had been diagnosed by RDT only.

This study assessed some parameters such as age, sex, address, admission month, occupation, clinical symptoms, blood smear examination results, malaria history, malaria treatment, and severe malaria event. Classification of malaria with complications was based on WHO criteria such as haemoglobin \< 5 gr/dl, seizure, hyperpyrexia, and hemoglobinuria \[[@ref5]\]. Patients were then categorised into age groups \< 1 y.o; 1-5 y.o; 6-10 y.o; 11-15 y.o; 16-25 y.o; and \> 25 y.o; sex groups, occupation groups, body temperature, symptoms, previous history, previous treatment, and haemoglobin levels. The data obtained such as clinical manifestations, demographic, and parasitology data were analysed using descriptive analysis method.

Results {#sec1-3}
=======

Distribution, population characteristics & transmission of Plasmodium sp. {#sec2-1}
-------------------------------------------------------------------------

The data were taken from January to December 2016. There were 90 in patients who had been diagnosed with malaria, but 1 patient was excluded as s/he did not meet the inclusion criteria ([Figure 1](#F1){ref-type="fig"}). The monthly incidence of malaria occurred throughout the year 2016 and reached its peak in July and August 2016 for 22 patients (24.72 %) ([Figure 2](#F2){ref-type="fig"}).

![Flow chart of the study](OAMJMS-7-3404-g001){#F1}

![Malaria prevalence in Subaim Primary Health Care, East Halmahera in 2016](OAMJMS-7-3404-g002){#F2}

The increase of malaria incidence was associated with the transmission factors, including the presence of vectors and gametocyte stage within malaria patients. Gametocyte stage of *P. vivax* and *P. falciparum* in the Subaim region were found in 1% of the total population ([Table 1](#T1){ref-type="table"}).

###### 

The distribution of Plasmodium sp. in Subaim Primary Health Care, East Halmahera (n = 89)

  Location       Number of the patient, *n* (%)   Type of *Plasmodium*               
  -------------- -------------------------------- ---------------------- ----- ----- -----
  Baturaja       17 (19.1)                        \+                     \-    \+    \-
  Buli           1 (1.12)                         \-                     \-    \+    \-
  Bumirestu      7 (7.78)                         \+                     \-    \+    \-
  Cemara jaya    18(20.2)                         \+                     \-    \+    \-
  Dakaino        2 (2.25)                         \-                     \-    \+    \-
  Volly          1 (1.12)                         \+                     \-    \-    \-
  Dodaga         1 (1.12)                         \+                     \-    \+    \-
  Fayaul         5 (5.62)                         \-                     \-    \+    \-
  Gulapapo       4 (4.49)                         \+                     \-    \+    \-
  Mekarsari      10 (11.2)                        \+                     \-    \+    \-
  Rawamangun     3 (3.37)                         \-                     \-    \+    \-
  Subaim         11 (12.3)                        \+                     *+*   *+*   *+*
  Ternate        1 (1.12)                         *-*                    *-*   *+*   *-*
  Toboino        1 (1.12)                         *-*                    *-*   *+*   *-*
  Tutulingjaya   2 (2.25)                         *+*                    *-*   *+*   *-*
  Waisuba        4 (4.49)                         *+*                    *-*   *+*   *-*
  Wasile         1 (1.12)                         *-*                    *-*   *+*   *-*

*P. f: Plasmodium falciparum; P. v: Plasmodium vivax;* T: Trophozoit; G: Gametocyte.

Clinical manifestation & malaria complications {#sec2-2}
----------------------------------------------

Amongst 89 total patients, there were 40 (44.9%) women and 49 (5.1%) men. Sociodemographic and clinical manifestation data of malaria patients are shown in [Table 3](#T3){ref-type="table"}.

Severe malaria symptoms amongst patients infected by Plasmodium sp. {#sec2-3}
-------------------------------------------------------------------

There were 9 patients diagnosed with severe malaria. [Table 3](#T3){ref-type="table"} describes severe malaria caused by *Plasmodium vivax* infection. Five patients (6.7%) had seizure, 1 patient (1.1%) with hemoglobinuria, 1 patient (1.1%) had hyperpyrexia, and 2 patients (2.25%) got severe anemia ([Table 2](#T2){ref-type="table"}). The seizure occurred in 4 of 5 patients, and all of them were children under 5 years old, while 1 patient was 17 years old. Severe malaria characterised by hemoglobinuria occurred on a 23-year-old patient, whereas hyperpyrexia (body temperature \> 40°C) was found in a patient aged 7 months old.

###### 

Clinical manifestation of malaria by different Plasmodium sp. in Subaim Primary Health Care, East Halmahera

  Characteristic       *P. v* (n = 75) %   *P. f* (n = 7) %   *P. mix* (n = 7) %
  -------------------- ------------------- ------------------ --------------------
  Febrile              55 (73.3)           7 (100)            5 (71.4)
  Chills               19 (23.3)           3 (42.9)           1 (14.3)
  Nausea               31(41.3)            3 (42.9)           4 (57.1)
  Vomiting             40 (53.3)           4 (57.1)           2 (28.6)
  Diarrhea             9 (12.0)            0                  1 (14.3)
  Abdominal pain       17 (22.7)           1 (14.3)           2 (28.6)
  Headache             37 (49.3)           2 (28.6)           4 (57.1)
  Seizure              5 (6.7)             1 (14.3)           1 (14.3)
  Hemoglobinuria       1 (1.3)             0                  0
  Temperature (^o^C)   38.0 ± 1.1          38.4 ± 0.8         38.2 ± 0.9

*P. f = Plasmodium falciparum; P. v = Plasmodium vivax;* Mix = mixed infection.

It can be seen in [Table 3](#T3){ref-type="table"}; there was a 1-year-old malaria patient with complications caused by *P. falciparum* infection and characterised by a seizure. Similarly, there was a 4-month-old patient who suffered from a mixed infection and had a seizure.

###### 

Sociodemographic and clinical manifestation of malaria in Subaim Primary Health Care, East Halmahera

  Characteristics                    Proportion
  ---------------------------------- -------------
  Age                                
   \< 1 y                            6 (6.7%)
   1-5 y                             4 (4.5%)
   6-10 y                            8 (8.9%)
   11-15 y                           7 (7.9%)
   16-25 y                           17 (19.1%)
   \> 25 y                           46 (51.5%)
  Sex                                
   Male                              49 (55.1 %)
   Female                            40 (44.9 %)
  Occupation                         
   Carpenter                         20 (22.5%)
   Employee                          17 (19.1%)
   Student                           38 (42.7%)
   Housewife                         14 (15.7%)
   Body temperature (°C)             38.09 ± 1.1
   Febris                            67 (75.3 %)
   Chills                            23 (25.8 %)
   Nausea                            38 (42.7 %)
   Vomiting                          46 (42.7 %)
   Seizure                           7 (7.9 %)
   Diarrhoea                         10 (11.2 %)
   Abdominal pain                    20 (22.5 %)
   Headache                          43 (48.3 %)
   Currently on Malaria medication   6 (6.7 %)
   Having malaria history            3 (3.4 %)
   Mean Hb level (g/dl)              7.1 ± 2.3

Discussion {#sec1-4}
==========

The Indonesia Government, through the Ministry of Health, has continuously tried to control the incidence of malaria \[[@ref6]\]. The decreasing malaria incidence indicates this from year to year \[[@ref4]\]. This study described the incidence of malaria at Subaim Primary Health Care, East Halmahera, North Maluku in the year 2016. Malaria remains an endemic disease in East Halmahera and needs to be controlled, especially in East Indonesia \[[@ref3]\], \[[@ref4]\].

The highest case of malaria in this study was caused by *P. vivax* infection, and this is similar to other studies \[[@ref3]\], \[[@ref7]\], \[[@ref8]\]. The result of this study suggested that the incidence of malaria increased in July and August 2016 ([Figure 2](#F2){ref-type="fig"}) with the highest incidence of malaria occurred in Cemara Jaya Village in 18 cases and Baturaja in 17 cases. The malaria transmission factor supports this in the presence of gametocytes in the patients' blood \[[@ref9]\]. The presence of gametocytes in the bloodstream is also linked with seasonality prevalence at the local state, sub-microscopic and asymptomatic infection \[[@ref10]\]. Other factors that also affect the emergence of malaria outbreaks are the climate factor from local regions such as La Nina, rainy season, and human population dynamic \[[@ref8]\], \[[@ref11]\], \[[@ref12]\].

The presence of gametocyte phase in the patients' bloodstream is a key factor influencing the transmission of malaria disease. Further, this is also enhanced by several factors, such as the presence of *Anopheles* spp. as a vector, occupational factor, as well as outdoor activities \[[@ref13]\]. This study discovered that malaria attacks mostly students and farmers. This might be due to both occupations are owned by the productive age group, which most of their activities are outdoor. Therefore, the possibility to be bitten by *Anopheles* spp. is higher than the other age group \[[@ref2]\], \[[@ref12]\].

*Plasmodium vivax* and *P. falciparum* are the most common malaria-causing species in Indonesia \[[@ref2]\], \[[@ref3]\], \[[@ref14]\]. Likewise, *P. vivax* was the most common cause of malaria disease (82.3%) found in this study \[[@ref3]\].

Malaria is one of the most common infectious diseases with high morbidity and mortality in Indonesia \[[@ref4]\], \[[@ref14]\]. In this study, the elements such as age, occupation, especially students and pregnant women are important to be noted as the predisposing factors for severe malaria \[[@ref14]\], \[[@ref15]\]. Based on this study, the incidence of malaria in Subaim Primary Health Care was mostly suffered by the working-age group and in children aged 15 years or less. This is in line with a previous study \[[@ref13]\].

This study described that 25 people were children, likewise to other studies which clarified that malaria cases were found in young age groups \[[@ref8]\], \[[@ref16]\], \[[@ref17]\]. In this study, 6 patients were diagnosed with malaria in the age under 1 year old and the youngest age was 4 months old (1 baby), this is similar to another study \[[@ref8]\], \[[@ref16]\]. The previous study reported out of 18 malaria-infected children, 7 of them were diagnosed with severe malaria, which characterized by seizures \[[@ref16]\]. Therefore, all malaria patients \< 1-year-old were diagnosed with severe malaria, whereas another severe malaria patient is 17 years-old. Additionally, a study in Ethiopia also showed similar results where children were at higher risk for severe malaria \[[@ref15]\], \[[@ref18]\], \[[@ref16]\].

There are approximately 11.6-28.4% of infected pediatric patients that progress to severe malaria \[[@ref15]\], \[[@ref18]\] and most of them were infected by *P. vivax*. Our study also found that pediatric patients who were diagnosed with malaria accounted for 16%, and they were infants, preschoolers, and school-aged children.

Further, this study also discovered pregnant malaria patients was accounted for 2.3%, which is similar to the previous study \[[@ref19]\]. It should be noted that all pregnant women in this study were in their first trimester of pregnancy and were diagnosed with severe malaria as they suffered from severe malaria. This is important to note as it has also been reported in previous studies \[[@ref19]\], \[[@ref20]\]. The results of this study prove that *P. vivax* causes malaria with complications \[[@ref15]\]. This suggests that a condition in the endemic area is associated with the disease's pathway.

Some studies suggest that pregnant women with malaria may have a complication with a Hb level \< 9.3 g/dl \[[@ref21]\], \[[@ref22]\]. This complication was not affected by age, parity, gestational age as well as education level \[[@ref20]\], \[[@ref21]\]. The previous study stated that pregnant women are at high risk for *P. vivax* infection, which causes severe malaria conditions \[[@ref23]\]. Immunity status is believed to be the underlying factor that causes severity in pregnant women \[[@ref24]\]. In addition, malaria in pregnancy may pose a risk to abortion, prematurity, low birth weight, malaria congenital, intrauterine fetal death or stillbirth \[[@ref25]\].

Most of the children with malaria had a complication \[[@ref15]\], \[[@ref18]\] as were seen in our study. In Africa, where the diseases have a higher prevalence, a study of 263 patients showed that 17.5% were diagnosed with severe malaria \[[@ref15]\].

Mixed-infection of *Plasmodium spp*. was found for 7.8% patients in our study. This number was range from 1.2% to 22.5% worldwide \[[@ref15]\], \[[@ref26]\]. It is important to be understood that mixed infection can cause severe illness than a single infection. However, based on the current theory, *P. falciparum* infection is the most common cause of severe malaria \[[@ref27]\]. Yet, this study discovered that the incidence of severe malaria is triggered by age, pregnancy and *P. vivax* infection. The incidence of malaria with complications occurred in infants and children that were characterized by anemia, and seizures \[[@ref18]\], \[[@ref28]\]. Severe malaria in children is commonly occurred due to the episode of *Plasmodium* spp. infection, parasitemia degree, parasitic virulence, and immune response \[[@ref18]\], \[[@ref28]\].

The result of this study supports the results of the previous study, where *P. vivax* is responsible to the incidence of malaria complications \[[@ref28]\], \[[@ref29]\]. Some metabolites products such as heme and lipid in the patients' blood can be used as a marker of severe malaria which is caused by *P. vivax* infection \[[@ref29]\]. Another study proved that in *P. vivax* infection, there is phosphatidylserine, a cytoadherence factor that could be found on the surface of the Plasmodium-infected erythrocytes \[[@ref30]\].

We conclude that *P. vivax* infection was higher than *P. falciparum* and was associated with severe malaria. Severe malaria was higher in children and pregnant women and was caused by *P. vivax*. Further study needs to find malaria risk factors in East Halmahera, East Maluku.
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